Introduction
For a rigid structure, the apparent mass is equal to the weight. However, if the structure has some compliance, such as the human body, the apparent mass provides a measure of the frequencies where the structure resonates. The apparent mass method is one method of measuring the dynamic response of the human body 1, 2) . Also, the apparent mass of the human body has been used as a tool to enable prediction of the dynamics of vehicle seats, to provide target dynamic response characteristics for the design of seat vibration test dummies, and for the further understanding of fundamental biomechanical responses of people [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Many studies in the literature have reported apparent masses of seated human subjects based on experiments carried out in laboratories at many different geographical locations.
The International Standard, ISO 5982 18) , was published in 2002. This International Standard incorporates the most recent data published on driving-point mechanical impedance and/or apparent mass and seat-to-head transmissibility. In the ISO 5982 standard, rules for selection of source data are defined and are shown in Table 1 . Most published studies complying with these rules are based on European or North American populations.
There are no studies that have compared the apparent mass of Japanese subjects with the ISO 5982 data. Therefore, it is not clear whether the ISO 5982 apparent mass data can be used in the design of Japanese vehicles and dynamic dummies.
The main objective of this study was to measure the apparent mass data for Japanese subject. In addition, we also compared the findings of apparent mass with the ISO 5982 data. The findings of this study regarding healthy Japanese subjects' apparent mass data will be provided when the ISO 5982 standard is revised.
Method

Subjects
Twelve Japanese male subjects participated in the experiment. The subjects had a mean age of 27.9 yr (s.d. 8.6), a mean weight of 65.8 kg (s.d. 11.6) and a mean stature of 171 cm (s.d. 11.6). Each subject was exposed to a vibration stimulus. None of the subjects had any low-back pain at the time of the experiments. The apparent mass data of the ISO 5982 standard is provided for the weight range of 52.7 to 87.2 kg, but, the ISO 5982 standard does not mention the age and height of the subjects, therefore, age and height data might influence the measurement results of the apparent mass.
Experimental apparatus
A vertical electro-hydraulic vibrator with low distortion was used to generate the vibration stimuli. This system had a peak-to-peak stroke of 100 mm and is in the laboratories of the National Institute of Industrial Health, Kawasaki, Japan. The experimental apparatus used in the present study is shown in Fig. 1 .
Whole-body vibration was produced by an electro-dynamic vibration exciter powered by a 440 kg vibration power force (ASE-385LW; Akashi Co. Japan). An aluminium vibration table, 1,800 mm by 900 mm and 304 mm thick, was attached to the vibrator to provide a surface which vibrated vertically. This plate has a honeycomb structure to reduce its weight, 90 kg for the vertical vibration table. And the rigid seat with a Kistler 9286A force plate was mounted on the aluminium vibration table as shown in Fig. 2 .
Background vibration of the vibrator table was less than 3 × 10 -3 m/s 2 r.m.s. at a frequency of 50 Hz. The acoustic noise level at the position of the subject's head was 50 dB (A). Subject population Data sets acquired with subject population clearly identified. Single subject populations.
Subject posture Data sets reporting the subject posture as being seated erect without backrest support, irrespective of the hands position. Experimental procedure Before the experiment, the purpose of the study was explained to all the subjects who gave their consent for participation. They were free to withdraw at any time although no subject chose to withdraw. The experiment was approved by the Research Ethics Committee of the National Institute of Industrial Health. The vibration stimulus was a random vertical signal equalised so that equal energy was generated at frequencies from 1 to 20 Hz. This signal had a magnitude of 1.0 m/s 2 r.m.s. (un-weighted) and a duration of 60 s. The magnitude of 1.0 m/s 2 r.m.s. was selected as this has been used in almost of all studies of vertical apparent mass as shown in Table A .1 of Annex A of the ISO 5982 standard. The force at the seat was measured using a Kistler 9286A force plate. Acceleration was measured using a Brüel and Kjaer 4370 accelerometer. The influence of the mass of the force plate was removed using a mass cancellation technique. The vibrator was controlled by, and force and acceleration signals were acquired by, an HVLab data acquisition system. Data was acquired via anti-aliasing filters at 512 samples per second via anti-aliasing filters set at 170 Hz.
Apparent mass determination
The apparent mass is usually defined as:
where M(f) is the apparent mass, F(f) is the force and a(f) is the acceleration at frequency f. Force and acceleration are measured at the seat-person interface.
In the frequency domain, the apparent masses can be calculated using the cross spectral density (CSD) method defined by:
where G io (f) is the cross spectral density between the acceleration and the force, and G ii (f) is the power spectral density of the acceleration. Mass cancellation was applied to subtract the 'No-load apparent mass' (mass of the seat surface) from the measured apparent mass. Transfer functions were calculated with a resolution of 0.5 Hz. The resonance frequencies ranged between 4.0 and 6.5 Hz. The median resonance frequency was 5.2 Hz. The magnitude at resonance ranged from 65 kg to 140 kg.
Results and Discussion
Peaks in the normalized apparent mass ranged from 1.28 to 1.67. The mean normalized resonance magnitude was 1.4 as shown in Fig. 4 .
Although the values are similar to those published in the literature for studies using different subjects and different equipment, the biodynamic response of the seated Japanese subjects peaked in the 4-6.5 Hz frequency range, which is little bit higher than the reported range of fundamental frequencies (4.5-5 Hz) in most other studies involving different experimental conditions. The phase also corresponded to the responses previously reported. The modulus of the apparent masses measured using random stimuli was similar to one another.
The results of apparent mass of Japanese subjects are compared with ISO 5982 in Fig. 5 . The peak apparent mass magnitude of the upper limit obtained in this experiment is considerably higher than ISO 5982 standard values of the upper limit.
From Fig. 5 , it is also clear that the mean values of the apparent mass of the ISO 5982 are different from the mean values of the current experimental apparent mass data. Furthermore, it is clear there is a different tendency at the phase of apparent mass. These differences might be dependent on the subjects' age or height. From these results, the values of ISO 5982 should not be applied to the design of Japanese vehicles or dynamic dummies directly.
Conclusions
In this experiment, apparent masses of 12 Japanese subjects were measured using random stimuli in the frequency range 1-20 Hz and unweighted acceleration of 1.0 m/s 2 r.m.s. Although apparent masses were generally similar to those in the literature, it is clear that the apparent mass of ISO 5982 is different from the current experimental data. Application of the apparent mass data in standard ISO 5982 should therefore only be carried out with caution in the design of Japanese vehicles and dynamic dummies. Further research is required on the relationship between the anthropometric parameters and the biodynamics of the subjects in order to improve the ISO 5982 standard.
